INTRODUCTION {#sec1-1}
============

Human echinococcosis is a cosmopolitan zoonosis caused by larval stage of the cestode parasite, *Echinococcus granulosus*.\[[@ref1]\] The annual incidence of cystic echinococcosis (CE) in different parts of the world has been reported to vary from \< 1 to 220 per 100,000 persons, in various endemic areas, with mortality rates ranging between 2 and 4%.\[[@ref2]\] CE constitutes a significant disease burden in human and livestock in India and has been reported from all parts of the country.\[[@ref3][@ref4]\] Although the liver is the most frequently involved site, the cysts can develop in almost all organs of the body.\[[@ref5]\]

The diagnosis mainly depends on radiological and immunological techniques, although recently molecular biology techniques have also been applied. Although demonstration of scolices, hooklets or protoscolices in aspirated fluid by microscopy is very specific, yet aspiration of hydatid fluid for diagnosis is not usually recommended, because of the risk of an anaphylactic reaction. Radiological techniques are too expensive and often the radiological picture may mimic other pathologies. Casoni\'s intradermal skin test is associated with low sensitivity and specificity.\[[@ref6]\] Thus, routine laboratory diagnosis of CE is heavily reliant on serological tests.\[[@ref5]\]

One of the main problems of hydatid specific antibody detection is that 25 -- 40% of surgically confirmed patients fail to show antibodies, whatever may be the technique or antigen employed.\[[@ref7]--[@ref11]\] Moreover, the circulating antibodies persist in the circulation for a long time; even after removal of the cyst by surgery or a clinical cure by chemotherapy.\[[@ref7]\] Therefore, the antibody-based serological tests fail to demonstrate whether the infection is recent or old, and are of limited value in monitoring the effect of the treatment or prognosis of the disease.\[[@ref3]\]

The circulating hydatid antigen is present in an active or recent infection and is absent in patients treated with surgery or chemotherapy.\[[@ref7][@ref12]\] The detection of the circulating antigen may not only help in the diagnosis of an active infection, but also in the prognosis of the cases. Studies have indicated that the detection of the circulating antigen is useful in detecting hydatid disease in antibody-negative patients and also in assessing the status of the infection.\[[@ref3][@ref12]\]

The serum is generally used as a specimen for immunological tests. However, the collection of blood samples can be problematic, particularly in remote rural areas and being an invasive procedure may be hazardous and unsafe in untrained hands. Thus, it is important to assess alternative, simple, painless methods of sampling body fluids that give results as accurate as those obtained with blood samples. Saliva and urine have been suggested as possible alternatives and are increasingly being reported as non-invasive means to detect specific antibodies to diagnose various diseases.\[[@ref13]--[@ref15]\] Use of these samples confers clear advantages, such as, easy sample collection, which does not require expert personnel, does not cause trauma to the patients, and minimizes the risk of infection for health workers. There are only a few studies on the use of urine for hydatid antigen detection\[[@ref12][@ref16]\] and none on the use of saliva.

The present study reports the use of saliva and urine samples for hydatid antigen detection by ELISA and its comparison with the detection of antigen in the serum samples, for the diagnosis of CE.

MATERIALS AND METHODS {#sec1-2}
=====================

Subjects {#sec2-1}
--------

Fifty patients admitted to or attending the Outpatient Departments and diagnosed with hydatid disease either clinically and/or radiologically, were enrolled for the study. Detailed clinical history and radiological findings were recorded from all the patients. Fifteen patients with other parasitic diseases (five each of cysticercosis, ascariasis, and amebic liver abscess) were also included as other parasitic disease controls. Twenty-five normal healthy subjects who were found negative for intestinal helminthic infections by stool examination and negative for hydatid antibody were included as healthy controls. An informed written consent was obtained from all the subjects.

Samples {#sec2-2}
-------

Blood, saliva, and urine samples were collected from all the patients and controls. Serum was separated from the blood samples and preserved at -20°C till further use. Unstimulated whole saliva samples were collected from individuals into wide mouthed containers. Immediately after collection, protease inhibitors, aprotinin (sigma), and pepstatin A (sigma) were added at a final concentration of 2 μg (each)/ml to the saliva.\[[@ref17]\] Urine samples were collected in sterile containers, and stored at -20°C until further use.\[[@ref18]\]

HYDATID ANTIGEN DETECTION {#sec1-3}
=========================

Preparation of rabbit hyperimmune antiserum against hydatid antigen {#sec2-3}
-------------------------------------------------------------------

Two healthy, adult, male, white New Zealand rabbits, six to eight months of age, were used for raising antisera against the hydatid antigen. For the antigen preparation, hydatid cysts were obtained from freshly slaughtered and heavily infected sheep at the local abattoirs. The daughter cysts were taken from intact hydatid cysts dissected from sheep liver, were washed thrice, and suspended in normal saline. The suspension was homogenized thoroughly and sonicated five times (24 seconds each) at 20 KHz, for a total of two minutes, with 30-second intervals. The sonicated material was centrifuged at 18,000 rpm for 30 minutes at 4°C. The supernatant, the hydatid cyst fluid antigen, was stored at -70°C in 1 ml aliquots, after determining the protein content by the Lowry\'s method. The rabbits were immunized with 1.5 ml of hydatid antigen, having a protein concentration of 8 mg/ml, with an equal volume of Freund\'s complete adjuvant, subcutaneously, and then four such injections at one-week intervals, with Freund\'s incomplete adjuvant. The rabbits were bled from the ear vein, seven days after the last injection, and the serum was checked for the presence of anti-hydatid antibodies, by the gel diffusion test. As gel diffusion showed distinct bands of precipitation, the rabbits were bled from the heart to collect as much blood as possible without sacrificing the animal. The serum was separated, antibodies were purified by ammonium sulfate precipitation, and dialysis\[[@ref19]\] and stored at -70°C.

Double sandwich ELISA for detection of hydatid antigen in serum samples {#sec2-4}
-----------------------------------------------------------------------

Double antibody sandwich (DS) ELISA for detection of antigen in serum was carried out according to the standard technique,\[[@ref20]\] with certain modifications wherever required. The secondary antibody used in the test was purified human anti-hydatid IgG (pooled from five confirmed hydatid disease patients, showing a high titer of antibodies by ELISA). Optimum dilutions of hyperimmune serum to be coated on the wells of the microtiter plates, secondary antibody, and conjugate were predetermined by the checker board titration method, and were 2 μgm / well, 0.3 μgm / well, and 1 : 4500 dilution, respectively. Similarly optimum dilutions of serum, urine, and saliva samples were determined to be 1 : 100, 1 : 20, and 1 : 40, respectively. The DS ELISA was performed using the standard protocol.\[[@ref21]\] Briefly, the wells of the ELISA plate were coated with 100 μl of the purified anti-hydatid antibody (diluted to 2 μg / 100 μl) and kept overnight at 4°C. After washing, the blocking of the unbound sites of the wells was done with 2% Bovine serum albumin (BSA). Test and control sera diluted in phosphate buffered saline with Tween 20 (PBST) was added (100 μl each), incubated at 37°C for one hour, and washed thrice with PBST. Next, 100 μl of the secondary antibody was added and incubated at 37°C for one hour. After washing with PBST, 100 μl of anti-human IgG-horse radish peroxidase (HRP) conjugate (Dakopatts, Denmark) was added and incubated at 37°C for 1 hour. After washing, 100 μl of ortho phenylenediamine (OPD) was added to each well and kept at room temperature for 15 minutes. The reaction was stopped with 1M H~2~SO~4~, and the plates were read in an ELISA reader at 490 nm and the optical density (OD) was recorded. Five known negative controls were included in each batch of the test and the cut off OD was calculated by adding two standard deviations (SD) to the mean of five negative samples. The cut off OD was found to be 0.153 for the serum samples, 0.053 for the urine samples, and 0.056 for the saliva samples. Samples with OD values equal to or more than the cutoff OD value were considered as positive. For the calculation of sensitivity and specificity, the samples of 25 patients diagnosed as CE on the basis of surgical and radiological findings were taken as true positive, as no gold standard parameter was available for the diagnosis of human hydatidosis. The results were compared between patients and control groups and evaluated statistically by the student\'s paired't' test and Chi-square test.

The study was approved by the Institute Ethics Committee.

RESULTS {#sec1-4}
=======

The Male : Female ratio in the 50 clinically diagnosed/suspected hydatid disease patients was 2.3 : 1 and the mean age was 41.3 years, while two were children. Out of these 50 patients, only 25 patients were clinically and radiologically diagnosed with hydatidosis, out of which four were also confirmed to be CE, after surgery. Eighteen of the clinically and radiologically diagnosed cases had hepatic cysts, while seven had extrahepatic cysts (four lung cysts, one each in the liver and lung, and one each in the kidney and ovary).

The Male : Female ratio in the 25 healthy controls was found to be 1 : 1.3, while the mean age was 38 years. The Male : Female ratio in the other parasitic disease controls was found to be 1.9 : 1, while the mean age was 40 years.

The hydatid antigen was detected in 18 (36%) serum, 9 (18%) saliva, and 18 (36%) urine samples of 50 patients, clinically suspected to be with hydatidosis. Among the four surgically confirmed cases, one was positive for antigen in the serum and urine samples, one only in the serum, one in the urine and saliva, while one patient did not show antigen in any sample \[[Table 1](#T1){ref-type="table"}\]. Among the 21 clinically and radiologically diagnosed cases, eight (38.09%) were positive for antigen in the serum, five (23.8%) in the saliva, and 11 (52.38%) in the urine. Overall, the sensitivity of antigen detection was found to be 52% in urine, 40% in serum, and 24% in saliva \[[Table 1](#T1){ref-type="table"}\]. The positivity in the saliva and urine samples was not statistically different from that of the serum (*P*.0.05). However, the positivity in the urine was significantly higher than in saliva (*P*\<0.05). The difference was not statistically significant for saliva versus serum and urine versus serum, but significant for urine versus saliva. The antigen positivity in serum, saliva, and urine, in patients with single hydatid cysts was not significantly different from those in patients with multiple hydatid cysts \[[Table 2](#T2){ref-type="table"}\]. Similarly the antigen positivity in the serum and saliva samples of patients with hepatic cysts was not found to be significantly different (P\>0.05) from those with extrahepatic cysts. However, antigen positivity in urine was significantly higher in hepatic cysts as compared to extrahepatic cysts \[[Table 2](#T2){ref-type="table"}\].
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Two out of five (40%) patients with cysticercosis, one out of five (20%) with ascariasis, and none with amebiasis showed antigen in the serum. On the other hand, two out of five (40%) patients with cysticercosis, two out of five with ascariasis (40%), and one out of five patients with amebiasis (20%) showed positive antigen in saliva; and four out of five (80%) patients with cysticercosis, three out of five (60%) with ascariasis, and one out of five (20%) patients with amebiasis showed antigen in the urine. None of the healthy controls was positive for antigen in serum, saliva or urine samples. Thus, the specificity of antigen detection was highest with the use of serum (92.5%) followed by saliva (87.5%) and urine (80%).

DISCUSSION {#sec1-5}
==========

The diagnosis of cystic echinococcosis (CE) mainly depends on the radiological, immunological, and molecular techniques. Radiological techniques are either too expensive or the radiological picture may mimic other pathologies. Therefore, the routine laboratory diagnosis of CE is heavily reliant on serological tests, based on the detection of specific antibodies or circulating hydatid antigens.\[[@ref3][@ref7]\] One of the main problems of antibody detection is that around 40% of the surgically confirmed patients fail to show antibodies by various techniques.\[[@ref3][@ref7]--[@ref11]\] Moreover, the antibodies may persist for a long time, even after removal of the cyst by surgery or after clinical cure by chemotherapy.\[[@ref3][@ref6]\] On the other hand, the circulating hydatid antigen is present in the active or recent infection and is absent in patients treated with surgery or chemotherapy.\[[@ref7][@ref12]\] Therefore, demonstration of the circulating antigen in the serum may indicate recent and active infection and may also help in monitoring the efficacy of chemotherapy.

In the present study, the diagnostic sensitivity of ELISA for antigen detection with the use of serum samples was 40%, which was similar (44%) to that reported by Ferragut *et al*., 1996,\[[@ref22]\] but lower than that reported in other studies.\[[@ref7][@ref23][@ref24]\] In other studies, a sensitivity of 55.55% was reported by Counter current immunoelectrophoresis (CIEP),\[[@ref23]\] 95% by coagglutination (Co-A),\[[@ref24]\] and 72% by Latex agglutination test.\[[@ref11]\] The reason for low sensitivity was explained by the formation of Ag-Ab complexes in the serum.\[[@ref7][@ref25]--[@ref27]\] Probably as a result of the breaking down of these complexes in the urine, free hydatid antigen became detectable in the urine, which could be the reason for the higher sensitivity of antigen detection in urine (84%). Thus, either detection of the circulating immune complexes or breakdown of immune complexes, for example, by PEG, before detection of antigen in the serum could be more helpful.

In the present study, the specificity of antigen detection in the serum was 92.5%, which was similar to that (91.7%) reported by Ferragut *et al*., 1996;\[[@ref22]\] false positive reactions were seen in 20% of the cases from other parasitic diseases, but none in the healthy controls.

Detection of hydatid antigen excreted in the urine is the most recent approach for the diagnosis of parasitic infections.\[[@ref3][@ref16][@ref28]\] It is believed that the parasite antigens, which are circulating in the serum, are also excreted in the urine. ELISA, Co-A, and CIEP are the common methods employed for urinary hydatid antigen detection. Hydatid antigen detection in urine indicated 43.75% sensitivity in surgically confirmed hydatid disease cases, 40% in ultrasound-proven cases, and 57.14% in clinically diagnosed hydatid disease patients, by CIEP.\[[@ref29]\] In this study, no cross reactions were observed with other parasitic diseases, however, 8% false positive reactions were seen in healthy controls. In another study Co-A detected excreted hydatid antigen in 43.8% surgically confirmed cases, 60% ultrasound-proven cases, and 57.1% clinically diagnosed cases of CE.\[[@ref28]\] In this study, false positive reactions were observed in 12.5% of other parasitic diseases and 12% of urine samples from healthy controls. In another study, all the cases of CE (confirmed surgically), which had hydatid antigen in the serum also showed antigen in the urine by Co-A, showing 100% sensitivity and specificity of urinary antigen detection.\[[@ref16]\] In the present study the sensitivity of ELISA for hydatid antigen detection in urine samples was 50% in surgically confirmed cases, 52.4% in radiologically diagnosed cases, and 20% in clinically suspected cases. False positive reactions were high and seen in 53.3% of other parasitic disease controls, whereas, none of the healthy controls were positive.

There are no previous studies where saliva has been used for detecting hydatid antigen for the diagnosis of CE. In the present study, the sensitivity of ELISA for antigen detection in saliva samples is significantly low (25%) in surgically confirmed cases and 24% in clinically and radiologically diagnosed patients. False positive reactions were seen in 33.3% of other parasitic disease controls. None of the healthy controls were positive.

Various authors have reported hepatic cysts to be more immunogenic than extrahepatic cysts.\[[@ref1]\] In the present study, there was no significant difference (*P*\>0.05) in antigen positivity in the hepatic and extrahepatic cysts, either in the serum or saliva samples. However, antigen positivity in the urine was significantly higher (P\<0.05) in the hepatic cysts than in the extrahepatic cysts. Also, there was no significant difference in antigen positivity in the serum, saliva or urine samples, from patients with single and multiple cysts.

The present study is the first report to investigate the usefulness of saliva samples for the detection of hydatid antigen for the diagnosis of cystic echinococcosis. The results of the present study shows that saliva, when used alone, may not be a suitable sample for the detection of the hydatid antigen. However, if both the serum and urine samples are available for antigen detection, then the sensitivity of the test increases from 40% (only serum) to 72% (18 / 25) and if all the three samples are available, then the sensitivity increases even further to 76% (19/25). We have used the same samples for antibody detection by ELISA. The sensitivity of antibody detection in the serum, saliva, and urine samples was found to be 72, 56, and 84%, respectively, while the corresponding specificity was 76% for all three samples.\[[@ref15]\] If antigen detection is combined with antibody detection, the sensitivity for serum, saliva, and urine samples rises to 72, 68, and 88%, respectively.

In conclusion, samples such as saliva and urine can be used either as adjuncts or as alternatives to the serum sample, for the detection of the hydatid antigen, with reasonable sensitivity and specificity, particularly in remote rural areas, where serum collection by venepuncture may not be possible. As hydatidosis is more common in sheep rearing and other rural settings, these observations become more relevant. Further research efforts should be directed toward investigating higher number of urine, saliva, and serum samples for hydatid antigen and antibody detection, to determine the best possible tests for the diagnosis of hydatidosis and also for epidemiological studies.
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